The distribution of kaolinite in parts of the Devonian shale section is the most significant finding of this work. These shales composed predominately of 2M illite and illitic mixed-layer clay with minor amounts of chlorite and kaolinite. Preliminary data indicate that kaolinite, the only allogenic clay mineral, is present in successively older beds of the Ohio Shale from south to north in the southern and middle parts of the Appalachian basin. This trend in the distribution of kaolinite shows a paleocurrent direction to the southwest.
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Illustrations Investigations of the mineralogy were based primarily on X-ray diffraction analyses of the whole sample and the clay fraction of each sample. For this report the term "clay fraction" is defined as the hydrous aluminum silicates or clay minerals and is not used as a term for particle size. The reason for this is because the Devonian shales and siltstones are highly indurated and cannot be disaggregated without grinding which probably reduces some of the silt-size grains to claysize particles. For identification of the clay minerals, the normal procedure was used for separating to clay fraction.
Sample preparation
Each sample was ground in alcohol in a tungsten-carbide ball mill for 15 minutes. To obtain X-ray analysis of the bulk rock, a small portion of the ground material was further ground by hand to pass through a 200-mesh screen and then pressed into a 29-millimeter diameter wafer which was analyzed to obtain an X-ray diffraction trace of the whole sample. To properly identify the clay minerals in each sample, the remainder of the ground material was dispersed in deionized water.
No chemicals were added to this clay-water mixture unless the sample could not be deflocculated. If flocculation occurred, an ultrasonic horn was placed in the clay-water mixture for about 15-30 minutes.
Usually this treatment stopped the flocculation, but if it did not, then a few drops of sodium metaphosphate solution (0.05 g of NaPOo dissolved in 1 cc of water) was added to assure dispersal of the clay minerals.
The clay fraction obtained by settling was siphoned off and placed on a porous ceramic tile using the vacuum technique described by Kinter and Diamond (1956) .
Samples were analyzed on a standard X-ray diffraction unit using copper (CuK<x -i ) radiation in conjunction with the following optical and recording arrangements: A 1° beam slit, a medium resolution soller slit, a 0.1° detector slit, a graphite crystal for monochromatic radiation, and a 5° take-off angle. The goniometer was run at a speed of 1° 29
per minute and the chart recorder was driven at a speed of 12 inches per hour, so that the X-ray diffraction trace was recorded at a rate of 5° 29 per inch. The detector was set on a linear scale of 1000 counts per second (cps) for sull-scale deflection and a 2.5 second time constant was used. The X-ray diffraction trace was used to identify and determine relative abundance of each clay mineral following the method of Schultz (1960) . An electronic planimeter was used to carefully measure selected peak areas on the X-ray diffraction traces to obtain the relative proportions of the individual clay minerals. X-ray diffraction traces of the whole sample will be used to determine the bulk mineralogy.
It is important to note that different sample-preparation techniques may fail to identify all clay minerals present in the original sample.
Therefore, we tested and evaluated . three well-known methods of preparing the clay fraction for X-ray diffraction analysis.
Method A settles the clay fraction onto a glass slide by using a centrifuge. Method B settles the clay fraction onto a glass slide by allowing the water to evaporate from the clay-water mixture. Method C places the clay-water mixture onto a porous ceramic tile and removes the water through the tile by vacuum (Kinter and Diamond, 1956 ), X-ray diffraction traces were made on the top surface of all three preparations, and X-ray diffraction traces were made of the bottom surface E. X-ray diffraction trace of bottom surface of B.
by the double peak at 25° 29; also, the intensities of the 9° 29 peak and the 12.5° 29 peak in all three traces are more nearly equal. Quartz is more abundant on the bottom surface (D, and E, fig. 2 We favor the vacuum method of sample preparation and have used it in the identification of clay minerals for this report. We suggest that if either settling method of sample preparations is used, the clay fraction on the glass ^slide be thin enough for the X-ray beam to penetrate the entire thickness of sample.
Clay mineralogy
The clay minerals found in Devonian shale of the Appalachian basin are 2M illite (muscovite), chlorite, and kaolinite. Considerable illite and some mixed-layer clay was found in all samples. Small quantities of chlorite are found in all but one or two samples, and very small amounts of kaolinite were present in about 30 percent of the samples. The proportions of illite and mixed-layer clays were determined by measuring the changes in the area of the 10A (9° 29) peak by using a planimeter. Proportions of chlorite and kaolinite were determined from a ratio obtained by measuring the areas of the double peak at about 3.5A (25° 29), and applying that ratio to the 7A (12.5° 29) peak.
The term "illite" (OH) AK9 (Si,Al 0 )(MgFe)^O on in this report iŝ X-ray diffraction traces by its moderate to weak first-order basal (001) peak at 14A, its strong second-order basal (002) reflection at 7A, its peak third-order basal (003) reflection at about 4.7A, and its weak to moderate fourth-order basal (004) peak at approximately 3.5A.
Chlorite is not affected by ethylene glycol saturation or heating to 350°C, however, produces an increase in the first-order basal (001) peak at 14A and increases in the second, third, and fourth-order basal reflections. Fine-grained chlorite decomposes in warm hydrochloric acid (Brindley, 1961, p. 264) but it may be necessary to keep the temperature at about 80°C for 16 to 20 hours to achieve complete decomposition, especially if the chlorite is well crystalline.
Kaolinite (OH) Si,Al,0 is the least abundant clay mineral in 8 4 4 10 the Devonian black shales that were analyzed. It contains 40 percent Al«0 , 46 percent SiO , and 14 percent HO. It occurred in about 30 percent of the samples in relative proportions that ranged to a maximum of 20 percent. Kaolinite is recognized on X-ray diffraction traces by its strong basal (001) peak at 7A and its moderate basal (002) reflection at approximately 3.5A. Kaolinite is not effected by ethylene glycol saturation or heating to 350°C for a minimum of 30 minutes. Heating kaolinite to about 550-600°C destroys its crystallinity; however, the exact temperature at which kaolinite is destroyed depends upon its grain size and crystallinity. Kaolinite is more immune to attack by warm dilute acids than most other clay minerals including chlorite; however, dissolution rates vary considerably with grain size and crystallinity.
It is very difficult to determine the presence of small amounts of kaolinite when chlorite is present. However, a slight difference in the c-axis dimension of the two minerals often are expressed as a doublet at 3.50A for the second-order basal peak (002) of kaolinite and the 3.57A for the fourth-order basal peak (004) of chlorite. We depended upon this doublet (at about 25° 29) for recognizing the existence of kaolinite. Heating to temperatures that destroy kaolinite also reduce the 7A and 3.5A peaks of chlorite. The acid treatment is fairly reliable for identifying kaolinite and we used this method as a check.
Non-clay minrals
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